Abstract Tumor necrosis factor-alpha, TNF-α, is a cytokine that is a well-known factor in multiple disease conditions and is recognized for its major role in central nervous system signaling. TNF-α signaling is most commonly associated with neurotoxicity, but in some conditions it has been found to be neuroprotective. TNF-α has long been known to induce nuclear factor-kappa B, NF-κB, signaling by, in most cases, translocating the p65 (RelA) DNA binding factor to the nucleus. p65 is a key member of NF-κB, which is well established as a family of transcription factors that regulates many signaling events, including growth and process development, in neuronal cell populations. NF-κB has been shown to affect both the receiving aspect of neuronal signaling events in dendritic development as well as the sending of neuronal signals in axonal development. In both cases, NK-κB functions as a promoter and/or inhibitor of growth, depending on the environmental conditions and signaling cascade. In addition, NF-κB is involved in memory formation or neurogenesis, depending on the region of the brain in which the signaling occurs. The ephrin (Eph) receptor family represents a subfamily of receptor tyrosine kinases, RTKs, which received much attention due to its potential involvement in neuronal cell health and function. There are two subsets of ephrin receptors, Eph A and Eph B, each with distinct functions in cardiovascular and skeletal development and axon guidance and synaptic plasticity. The presence of multiple binding sites for NF-κB within the regulatory region of EphB2 gene and its potential regulation by NF-κB pathway suggests that TNF-α may modulate EphB2 via NF-κB and that this may contribute to the neuroprotective activity of TNF-α.
Introduction
TNF-α is a proinflammatory cytokine that has many important physiological and pathological roles, including cell necrosis and apoptosis. TNF-α plays an important role in a broad range of biological events including the regulation of embryo development, the sleep-wake cycle, lymph node follicle and germinal center formation, host defense against bacterial and viral infections, and serves as an endogenous pyrogen that causes fever (reviewed by Chu 2013) . TNF-α induces the production of other proinflammatory cytokines and chemokines and by an autocrine pathway, increases its own production. TNF-α plays a central role in autoimmune diseases such as rheumatoid arthritis (RA), multiple sclerosis, systemic lupus erythematosus and systemic sclerosis, and inflammatory bowel diseases including Crohn's disease and ulcerative colitis. Moreover, TNF-α has emerged as an important risk factor for tumorigenesis, tumor progression, invasion, and metastasis (Locksley et al. 2001) .
TNF-α triggers activation of the Ikappa-B (IκB) kinase (IKK)/NF-κB and mitogen-activated protein kinase (MAPK)/AP-1 pathways, which are essential for the expression of pro-inflammatory cytokines and induction of many biological events occurring downstream of TNF-α, including apoptosis and necrosis (Baud and Karin 2001) . There are two receptors for TNF-α, TNFR1 and TNFR2, which can either be membrane bound or present in the cytoplasm as soluble proteins. Each TNFR1 and TNFR2 can interact with both membrane-bound TNF-α (mTNF-α) as well as soluble TNF-α (sTNF-α) . The difference between mTNF-α and sTNF-α rests on the extent of the signaling events, as TNFR1 signaling is strongly activated by both mTNF-α and sTNF-α, while TNFR2 signaling can only be efficiently activated by mTNF-α (Wajant et al. 2003) . Another key difference is that TNFR1 is ubiquitously expressed while TNFR2 is mainly expressed on lymphocytes and endoepithelial cells (Chu 2013) . Signaling events downstream of TNF-α are shown in Fig. 1 .
This review offers a possible linkage between TNF-α and Ephrin B2 via activation of the NF-κB pathway. In general, Ephrin receptors (Eph) and ephrin ligands (ephrin) are expressed in nearly all tissues of a developing embryo, and they are involved in a variety of developmental processes. Eph receptors form a large family of receptor tyrosine kinases (RTKs). With respect to its role in the brain, EphB2 directly impacts neuronal development and has a major role in synaptic plasticity.
TNF-α signaling in the brain
Both TNF-α receptors in the brain are expressed by neurons and glial cells. Yet this distribution is dictated by apoptotic signaling or inflammatory cascades (Kinouchi et al. 1991; Tchélingérian et al. 1995; Botchkina et al. 1997; Dopp et al. 1997; Sairanen et al. 2001; Figiel and Dzwonek 2007) . Because of their differences in signaling, TNFR1 and TNFR2 may have opposite effects on neurons, with TNFR1 having a damaging impact on neuronal cells whereas TNFR2 appears to have a neuroprotective effect (Fontaine et al. 2002) . In an experiment with primary cortical neurons from TNFR1-or TNFR2-deficient mice, glutamate treatment studies revealed that TNFR1-induced persistent NF-κB activity is not sufficient for neuronal survival, whereas transient NF-κB activation induced by TNFR2 is able to provide neuroprotection (Marchetti et al. 2004) .
Another mode of neuroprotection associated with TNF-α is mediated through manganese superoxide dismutase (Mn-SOD), a scavenger of reactive oxygen species (ROS). Pretreatment of neurons with TNF-α increased Mn-SOD activity and significantly attenuated 3-nitropropionic acid (3-NP)-induced superoxide accumulation and loss of mitochondrial transmembrane potential (Bruce-Keller et al. 1999) . 3-NP is a mitochondrial toxin that inhibits succinate dehydrogenase, which causes a reduction in energy metabolism that can lead to oxidative stress resulting in the formation of reactive oxygen and nitrogen species (Garcia et al. 2002) . TNF-α also exhibits the ability to attenuate β-amyloidinduced elevation of calcium and ROS. It is likely that this activity involves NF-κB since it is well established that the Mn-SOD promoter contains an NF-κB consensus sequence and Mn-SOD expression is increased by TNF-α (Wong and Goeddel 1988; Barger et al. 1995) . TNF-α appears to have a role in signaling long term potentiation (LTP) (Albensi and Mattson 2000) . TNF-α treatment stimulated NF-κB signaling that regulated synaptic plasticity in the hippocampus as LTP was not induced at low frequency stimulation in TNF-α receptor knockout mice in the hippocampus (Albensi and Mattson 2000) implying that TNF-α may impact α-amino-3-hydroxy-5- Fig. 1 The interaction of TNF-α, NF-κB, and EphB2. Once TNF-α binds to TNFR, trimerization occurs and results in recruitment of adapter molecules. This leads to the release of NF-κB from IκB and leads to the transcriptional activation of EphB2, which causes insertion of EphB2 into plasma membrane. The binding of EphrinB2 with EphB2 ultimately leads to the modulation of NMDAR signaling, which leads to various downstream events, including dendritic arborization, spine formation, and LTP. Synapse diagram modified from Motifolio.com methyl-4-isoxazolepropionic acid (AMPA) receptors. Accordingly, TNF-α increases cell-surface expression of AMPA receptors in cultured hippocampal neurons and affects synaptic efficacy in both primary cultures and hippocampal slices. Treatment with the soluble form of the TNFR1, a TNF-α antagonist, had a negative effect on AMPA receptor expression and decreased synaptic strength (Beattie et al. 2002) .
In addition to neurons, astrocytes and oligodendrocytes, the two main supporters of neuronal cells, can also be regulated by TNF-α signaling. Similar to the study performed in neurons, pretreatment of astrocytes with TNF-α elevated Mn-SOD activity and significantly reduced superoxide accumulation and loss of mitochondrial transmembrane potential (Bruce-Keller et al. 1999) . The levels of two important growth factors are also affected by the TNF-α signaling pathway as up-regulation of glial-derived neurotrophic factor (GDNF) and brain-derived neurotrophic factor (BDNF) occurred in TNF-α-treated primary astrocytes (Kuno et al. 2006; Saha et al. 2006) . NF-κB activation is one possible avenue for the BDNF up-regulation by TNF-α in astrocytes, along with the C/EBPβ transcription factor connected with the ERK/MAP kinase pathway (Saha et al. 2006 ). Both exogenous TNF-α and TNF-α released by astrocytes after stimulation with LPS induce NGF and GDNF production by astrocytes, further demonstrating, albeit indirectly, a neuroprotective role for TNF-α (Kuno et al. 2006) .
On the other hand, some studies have revealed a neurotoxic effect of TNF-α. For example, TNF-α has been shown to directly prevent glutamate uptake, which leads to glutamate neurotoxicity, and this effect can be reversed by inhibiting NF-κB (Zou and Crews 2005) . The effects of TNF-α on brain damage are evident through acutely inhibiting endogenous TNF-α by treatment with soluble TNF-α receptors, antisense blockers, or neutralizing antibodies that resulted in a reduction of traumatic and ischemic brain damage in rodents. (Zou and Crews 2005) .
Aside from cell death, TNF-α has a negative impact on the formation of neurites. Treatment of neuronal cells from mice cultured on astrocytes with recombinant TNF-α or when the glial cells were stimulated to secrete TNF-α, neurite outgrowth and branching was drastically reduced (Neumann et al. 2002) . Evidently, this event required a funtional TNF-α pathway as this reduction in neuronal process development was not observed in TNF-α receptor null cells (Neumann et al. 2002) .
Thus, it is possible to speculate that the diverse effects of TNF-α on neuronal cells, either direct or indirect, reflect a necessary balance to ensure the survival of healthy and functional cells in the CNS. In some cases, TNF-α signaling is neurotoxic and results in damage or death in the neuronal population. The receptor activation is a crucial aspect of TNF-α signaling, as the outcome of the signaling seems to be dependent on which receptor is activated. This would allow dysfunctional or damaged neurons to be targeted by TNF-α for apoptosis while sparing healthy neurons. This dichotomy allows for more dynamic signaling, in that it prevents inflammation from resulting in complete neuronal death but rather ensuring strong survival even under alternative conditions. If the surrounding environment is unfitting to survival from overall damage, it would be ideal that the dysfunctional neuron be eliminated. In the case that healthy neurons are targeted for apoptosis, the environment may not be suitable for survival. If the neuron is capable of persisting through the disease conditions, ideally it would be targeted for neuroprotection to promote survival.
In Alzheimer's Disease (AD), recent studies demonstrate that TNF-α is located in compromised brain regions in postmortem brain tissue from patients with AD (Zhao et al. 2003) . TNF-α levels were significantly elevated in cortical and hippocampal regions in patients with mild cognitive impairment (MCI) and with AD compared with age-matched controls (Tarkowski et al. 1999 (Tarkowski et al. , 2003 Álvarez et al. 2007 ). Studies using AD mouse models revealed a role for TNF-α in ADassociated pathogenesis and cognitive deficits, as deficits in learning and memory directly correlated with elevated hippocampal TNF-α mRNA levels (Medeiros et al. 2007 ) in mice receiving Aβ 1-40 by intracerebroventricular injections. In other AD mouse models, including Tg2576 (Mehlhorn et al. 2000) , APPswe/PS1dE9 (Ruan et al. 2009 ) and 3×Tg-AD (Janelsins et al. 2005) , TNF-α is upregulated, co-localized with amyloid plaques, and is neurotoxic. It has been shown in AD studies that short-term inhibition of TNF-α improves cognitive deficits, but complete elimination of TNF-α signaling did not show any cognitive improvement (Gabbita et al. 2012) . Although the inflammation has been linked to the progression of AD, no direct pathogenic role has been established for TNF-α in amyloid plaque formation.
In addition, TNF-α also plays a role in the immune response to HIV. TNF-α has been shown to increase the permeability of the blood-brain-barrier to allow infected macrophages to infiltrate and increase the progression of HIVencephalitis (Fiala et al. 1997) . Also, a positive-feedback loop involving NF-κB and TNF-α regulates the transcriptional activity of the HIV long terminal repeat (LTR). In the inactivated form, NF-κB is unable to bind DNA because it is associated with IκB proteins, which keep NF-κB in the cytoplasm (Ganchi et al. 1992; Henkel et al. 1992; Baldwin 1996) . When activated by TNF-α, NF-κB is translocated into the nucleus, which leads to the transcriptional activation of the HIV LTR (Duh et al. 1989) . TNF-α has also been shown to impact microglia-induced neuronal cell death through HIV Tat-induced apoptotic cell death (Zou and Crews 2005) . TNF-α and TNFRs levels are increased and correlate with a neurological decline in HIV-associated dementia patients, and TNF-α has been shown to cooperate with Tat and gp120 to induce oxidative stress and ultimately neuronal death (Saha and Pahan 2003) . On the other hand, TNF-α has been found to reduce HIV-1 replication, in a dose-dependent manner, in HIV-infected peripheral blood monocytes and alveolar macrophages (Lane et al. 1999 ). These varying effects may be dependent on other factors such as the state of the disease and health of the patient.
NF-κB in the brain
Also known as the Rel family of proteins, NF-κB proteins consist of subunits of p50, p52, p65 (RelA), c-Rel and RelB, all of which are ubiquitously expressed in the mammalian nervous system and are highly conserved across species. The active molecule of NF-κB is a homo-or hetero-dimer of these subunits, and activation of NF-κB is a result of signaling cascades of specific receptors that are activated by growth factors, cytokines, chemokines, oxidants and pathogens associated with oxidative stress, which further categorizes NF-κB as a redox-sensitive transcription factor (Srivastava and Ramana 2009) . Two main signaling pathways lead to activation of NF-κB. In the canonical, or classical, pathway, the ligand binds to its associated receptor and activates the IκB kinase (IKK) complex that contains the catalytic kinase subunits (IKKα, IKKβ) and the regulatory non-enzymatic scaffold protein called NEMO (NF-κB essential modulator or IKKγ), which leads to the phosphorylation of IκB (Srivastava and Ramana 2009) . The non-canonical (or alternative) pathway differs in the route of activation as ligand binding to the coupled receptor leads to activation of the IKK complex via the activation of NF-κB-inducing kinase (NIK). This results in phosphorylation of the inactive NF-κB p100/RelB dimer, which is further processed to form the active p52/RelB dimer. In both pathways, the phosphorylation event leads to translocation of the NF-κB subunit to the nucleus leading to changes in target gene transcription (Srivastava and Ramana 2009) . Thus, activation of NF-κB is required for the differentiation, survival, proliferation and apoptosis in neuronal cell types, among others (Hoffmann and Baltimore 2006; Kaltschmidt and Kaltschmidt 2009; Srivastava and Ramana 2009 ). Inactivation of NF-κB is achieved by IκB proteins in the canonical pathway. Three forms of IκB (IκBα, IκBβ, and IκBε) are classified as traditional IκB proteins in that they inhibit transcription by isolating NF-κB dimers in the cytoplasm away from κB elements of the target genes. Each of the IκB proteins has its own functions, and it has been shown that canonical activation of NF-κB requires all three typical IκB proteins (Srivastava and Ramana 2009; Hayden and Ghosh 2008) .
As suggested above, TNF-α signaling through NF-κB has various roles in the brain. Constitutive NF-κB activity was first found in glutamatergic neurons of the CNS, in the hippocampus and cerebral cortex. Transgenic mouse models verified the initial findings and also reported constitutive NF-κB activity in several other brain regions such as the amygdala, olfactory lobes, cerebellum, and hypothalamus (Kaltschmidt and Kaltschmidt 2009 ). Neuroprotection during neuronal development has been well established by multiple studies, but has been shown to be time point-and cell-limited as in some cases it promotes apoptosis and in some neuronal survival. NF-κB signaling has also been well documented to be involved in dendritic arborization and axonal growth. Interestingly, after glutamatergic stimulation, p65 has been shown to travel in a retrograde fashion from active synapses back to the nucleus, where it has a central role in regulating synaptic gene expression (Kaltschmidt and Kaltschmidt 2009; Memet 2006) .
Various neurotransmitters and neurotrophic factors and cytokines allow constitutively active NF-κB to persist. In some CNS neurons, excitatory amino acids produce stimuli that also contribute to the constitutive activation of NF-κB. This NF-κB activity can be suppressed by glutamate antagonists and L-type Ca 2+ channel blockers, which suggests that constitutive NF-κB results from physiological basal synaptic transmission (Pizzi and Spano 2006) . Activation of NF-κB can protect neurons against amyloid β peptide toxicity and excitotoxic or oxidative stress. In vivo experiments in models of brain preconditioning with kainate, ischemia or linolenic acid showed NF-κB dependent protection against neuronal death. Transgenic inhibition of NF-κB by neuronal over-expression of the IκBα superrepressor decreased neuroprotection after kainic acid or Fe ++ application (Pizzi and Spano 2006) .
NF-κB signaling is involved in the proliferation and migration of neural progenitor cells. NF-κB p65 regulates proliferation of adult neural stem cells isolated from the subventricular zone (SVZ) through the NF-κB target genes c-myc and cyclin D1. NF-κB p65 and p50 expression continues into adulthood in SVZ astrocyte-like cells and in migrating neuronal precursors (Kaltschmidt and Kaltschmidt 2009 ). Many studies have demonstrated that multiple stimuli initiate NF-κB activation in astrocytes and microglia, which triggers production of proinflammatory mediators that may be either neuroprotective or apoptotic. NF-κB can also induce differentiation of neuronal stem cells into astrocytes depending on the signaling cascade (Kaltschmidt and Kaltschmidt 2009 ).
NF-κB mediates myelination in Schwann cells, so many consider it likely that NF-κB exerts the same function in oligodendrocytes, but this assumption needs to be tested. It may also be the case that NF-κB regulates remyelination by oligodendrocytes since TNF-α is required for both remyelination and proliferation of oligodendrocyte progenitors cells (OPCs). NF-κB has an antagonistic role in oligodendrocytes as the signaling is prosurvival role and promotes maturation of OPCs, through a platelet-derived growth factora (PDGF-a) receptor signaling pathway triggered by binding of a soluble factor produced by non-activated microglia, as well as survival of oligodendrocytes after TNF-α exposure (Kaltschmidt and Kaltschmidt 2009; Memet 2006) . NF-κB is also involved in dendritogenesis in the developing cerebellum as analysis of the Purkinje cell degeneration mutant mouse, psdSid, shows reduced expression and nuclear localization of p65 in the Purkinje cells both in vivo and in vitro and also reduced dendritic development (Gutierrez and Davies 2011) .
A strong decrease in nuclear NF-κB p65 immunoreactivity was demonstrated by the analysis of plaque stages in AD patients. In the cells surrounding plaques, this decrease was shown from early to late stages of the disease in comparison to healthy controls (Terai et al. 1996) . Aβ stimulates NOS-II expression and NO production via a NF-κB -dependent mechanism in rat cortical astrocytes, supporting the importance of oxidative damage and astrocyte NF-κB signaling in AD (Lee et al. 2011) . Up-regulation of many NF-κB target genes, including IL-8, is seen in gene expression profiling of post-mortem human cortical microglia treated with Aβ (Memet 2006) . Aβ neurotoxicity can be reduced by inhibition of NF-κB activity in microglia by expression of the dominant-negative superrepressor, IκBα-SR, in which two critical N-terminal serine residues are replaced with alanine residues preventing its phosphorylation and activation (Chen et al. 2005; Memet 2006 ). Thus, NF-κB plays a significant role in AD, influencing survival in neurons and mediating Aβ toxicity in glial cells.
NF-κB also has multiple roles in HIV-1 pathogenesis. It is well demonstrated by in vitro studies and genome-wide analysis that HIV-1 transcription can be initiated by prototypical NF-κB p50 ⁄p65 heterodimers and components of the canonical NF-κB pathway. The enhancer region of the HIV-1 LTR has two identical and highly conserved NF-κB binding sites and when these are mutated, HIV-1 can infect cells but fails to produce de novo transcripts. The NF-κB p50⁄p65 heterodimer mediates LTR transcriptional initiation and elongation, and NF-κB p50⁄p65 initiates HIV-1 transcription by associating with the acetyltransferases p300, leading to acetylation of LTR-associated chromatin, promoting improved access for RNA polymerase II (RNAPII). Recruitment of p300 also leads to the acetylation of NF-κB itself, which can increase its activation of transcription (Quivy and Van Lint 2004; Calao et al. 2008) . NF-κB p50⁄p65 stimulates the early rounds of RNAPII elongation by recruiting the P-TEFb complex to phosphorylate serine-2 heptad repeats within the carboxyl domain (CTD) of RNAPII, which converts this low activity enzyme into a more active form. This NF-κB-mediated RNAPII conversion is transient as interference can occur by the action of an okadaic acid (OA)-sensitive phosphatase that dephosphorylates the CTD of RNAPII. Production of short transcripts containing HIV-1 trans-activation response (TAR) RNA element predominates, but the transcriptional lag is overcome when sufficient Tat, which is OA-phosphatase insensitive, is produced. High-level, sustained phosphorylation and transcriptional elongation by RNAPII results as Tat powerfully amplifies HIV-1 expression by binding to TAR and directly recruiting P-TEFb from latent complexes. HIV-1 mediates NF-κB action in a cell type-and context-dependent manner to promote viral replication and immune evasion. In all of the Jurkat-based models of HIV-1 latency, NF-κB agonists consistently induce proviral reactivation. However, in recent primary CD4+ T-cell latency models, the role of NF-κB as an effective antagonist of HIV-1 latency is debated (Leghmari et al. 2008) .
Ephrin B2 in the brain
Eph receptors (Ephs) and ephrin receptor ligands (ephrins) are expressed in nearly all tissues of the developing embryo, and they are involved in a variety of developmental processes such as cardiovascular and skeletal development, axon guidance, and tissue patterning. In many processes, the function of Eph/ ephrin signaling involves cell adhesion including growth cone retraction in axon guidance, cell sorting in embryo patterning, cell migration and fusion in craniofacial development, and platelet aggregation, etc. Although Eph/ephrins have been studied mostly in a developmental context, their physiological functions in the adult are now a major focus. They have recently been shown to be involved in learning and memory, in bone homeostasis, and in insulin secretion. Alterations of Eph/ephrin signaling in humans have been implicated in congenital diseases and cancer (Arvanitis and Davy 2008) .
Ephrin receptors form the largest subfamily of receptor tyrosine kinases (RTKs). They interact with cell surfacebound ligands that are also part of a family of related proteins. Two classes of ephrins are distinguished by structural differences: Ephrins-A (A1-A6) are tethered to the plasma membrane via a glycosyl phosphatidyl inositol moiety, and ephrins-B (B1-B3) span the plasma membrane and possess a short cytoplasmic tail. The Eph receptors are categorized based on their affinity for their ligands, EphA (A1-8 and A10) interact with ephrin A (A1-5) and EphB (B1-4 and B6) interact with ephrin B (B1-3) . A unique feature of Eph/ephrin signaling is the ability of both receptors and ligands to transduce a signaling cascade upon interaction. Eph-activated signaling is considered forward, and ephrin-activated signaling is considered reverse. Another level of complexity stems from the fact that interactions between Eph receptors and ephrins can happen in trans (between two opposing cells) or in cis (within the same cell). It is commonly assumed that trans interactions are activating while cis interactions are inhibiting (Arvanitis and Davy 2008) . EphB-ephrinB, particularly B2, interactions have recently emerged as major role players in synaptic plasticity and neuronal process development. A general scheme of ephrin signaling is shown in Fig. 2 .
Evidence shows that EphB receptor signaling pathways are required for spine morphogenesis as dendritic extensions remain filopodial in the presence of a dominant negative form of EphB2. In addition, the rapid formation of dendritic extensions with enlarged heads in immature hippocampal and cortical neurons is induced by the activation of EphB receptors by exogenous ligand (immunoglobulin Fc fusion proteins of ephrin-B1 or ephrin-B2). Deficits in NMDA-dependent synaptic plasticity in the hippocampus, such as LTP and long-term depression (LTD), and possibly minor defects in spatial memory, are demonstrated in EphB2 knockout mice. Synaptic efficiency in dorsal horn neurons receiving nociceptor afferents in the spinal cord is regulated by EphB-ephrin-B signaling. The Eph-ephrin system might operate in various types of synaptic plasticity, not only in the hippocampus, as similarities exist between LTP and central sensitization of nociceptive neurons in the dorsal horn (Grunwald et al. 2001; Henkemeyer 2003; Penzes et al. 2003; Murai and Pasquale 2004) .
EphB2 has recently been implicated in AD pathology in the reduction in functional synapses. A decrease in EphB2 levels are correlated with amyloid-β-induced neuronal dysfunction as overexpression of EphB2 in human amyloid precursor protein transgenic mice recovered NMDA-receptordependent LTP and memory deficits (Cissé et al. 2011) . In vivo, gamma-secretase inhibitors block Notch signaling, resulting in the formation of dense capillary networks similar to those in the brains of patients and mice. Notch inhibition reduces EphB2 receptor expression, which could also contribute to synapse dysfunction (Ethell 2010) . EphB receptors play a major role in the maintenance of dendritic spine morphology, so a loss or reduction in EphB results in immature spines that lack synaptic activity. This reduction in EphB may directly contribute to AD pathology (Lacor et al. 2007 ).
In addition to Alzheimer's disease, EphB2 levels are altered in HIV. A decrease in ephrin-B2 in the caudate and EPHB2 in the anterior cingulate in postmortem brain of HIV-infected subjects was found when compared to noninfected subjects. When the HIV-infected subjects were analyzed in groups of non-cognitively impaired and cognitively impaired, an increase in EPHB2 was found in the cognitively impaired. Decreases in caudate ephrin-B2 were associated with worsening immune status, whereas increases in cingulate EPHB2 were associated with worse cognitive status (Yuferov et al. 2013) . This seems to present a contradicting role of EPHB2, but not when considering the effects of EPHB2. A decrease in some areas of the brain may be due to the state of the affected area. If the diseased area of the brain is beyond repair and is degenerative, a decrease in EPHB2 would be expected as it would correlate with a decrease in neuronal processes since EPHB2 is a membrane bound receptor. In the case of an increase in EPHB2, perhaps that region of the brain is undergoing repair signaling, which would upregulate EPHB2 in an attempt to restructure neuronal processes. The timing of the changes of EPHB2 expression must be examined in parallel with the state of the disease in order to fully understand the dynamics of EPHB2 signaling in HIV and HAND. In recent studies, variations in Eph and ephrin gene expression have been found in various types of human tumors such as neuroblastoma, carcinomas of the breast, lung, prostate, ovarian, and melanoma (Tang et al. 2001; Surawska et al. 2004) . The EphB2/R-Ras signaling pathway may influence the malignant behavior of glioblastoma, promoting the invasion of glioma cells into normal brain tissue as decreased adhesion has been proposed to promote invasion of tumor cells (Nakada et al. 2005 ). EphB2 signaling has been shown to lead to phosphorylation of R-Ras, resulting in a reduction in adhesion of cells to the ECM that was reversed by R-Ras knockdown (Nakada et al. 2010) . Thus the EphB2 receptor has a role in the regulation of invasion of glioma cells (Table 1 ).
Conclusion and future directions
As described above, the TNF-α signaling axis and NF-κB translocation may affect cells in different ways, depending on the location and duration of the signaling events involved. Both can be pro-survival or pro-apoptotic depending on their interactions, and they can be either neuroprotective or neurotoxic. As mentioned, the outcome of the interactions occurring downstream of TNF-α directly depends on the initiation of signaling and which TNF-α receptor is activated. Upon activation by TNF-α, NF-κB can initiate transcription of many target genes and the presence of NF-κB motifs and EPHB2 may be one of these. EphB2 has a multifaceted involvement in many physiological processes, including development of neurons and synaptic plasticity. Upon promoter analysis using PROMO, a software program for the prediction of transcription factor binding sites (Farré et al. 2003) , there were found multiple NF-κB binding sites present near the transcription start site of the EphB2 gene. This presents the possibility of a connection of three signaling modules; TNF-α, NF-κB and EphB2 -creating a very complex signaling cascade. In the event of TNF-α being neuroprotective, EphB2 could be the missing link. As TNF-α signaling increases, this results in NF-κB being activated, which could in turn result in the transcription of the predicted NF-κB target gene, EphB2. Activation of EphB2 could, then, result in neuroprotection and survival of neuronal cells. In the case of injury or disease, where all three are upregulated, the ultimate activation of EphB2 could promote cellular repair in damaged regions. However, if the surrounding environment is unfavorable for regrowth or survival, apoptosis could be the outcome. A study in post-mortem brain tissue from diseased patients could provide insight into the relationship between the three. If, for example, TNFR1 or TNFR2 levels correlated with EPHB2 levels, this would show whether TNF-α levels have an impact on EPHB2 levels and would provide strength to the argument that TNF-α initiates EPHB2 signaling. This would also provide evidence of whether or not EPHB2 has a neuroprotective role since the type of TNF-α receptor would be distinguished. Promoter studies and binding assays could also provide insight into the predicted effect of TNF-α signaling on the interaction of NF-κB with the EPHB2 gene. If this signaling cascade occurs as speculated, this could provide a new drug target, EPHB2, for neurodegenerative diseases. It was described that TNF-α inhibitors improve cognitive status in neurodegenerative diseases, but completely abolishing TNF-α signaling showed no effect. This clearly demonstrates that either more sensitive modulation of TNF-α needs to be developed or another route must be taken. NF-κB has also been described to have an apoptotic role, so EPHB2 would be an ideal candidate since it has a major role in neuronal development. Up-regulating EPHB2 may be able to increase development from surviving neurons to rebuild a degenerating network of neurons. EPHB2 would not result in an inflammatory response by the immune system, unlike TNF-α, so it seems to be a more ideal target for therapy. Future studies are needed to address these unknown aspects of the EPHB2 signaling cascade and could dramatically affect our attempt at improving the quality of life for patients with neurodegenerative disease.
